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abstract

PURPOSE Children and young adults with hypodiploid B-lymphoblastic leukemia (B-ALL) fare poorly and
hematopoietic stem-cell transplantation (HSCT) is often pursued in first complete remission (CR1). We ret-
rospectively reviewed the outcomes of children and young adults with hypodiploid B-ALL who were enrolled in
recent Children’s Oncology Group (COG) trials to evaluate the impact of HSCT on outcome.

PATIENTS AND METHODS Cytogenetic analyses and DNA index were performed at COG-approved laboratories,
and hypodiploidy was defined as modal chromosome number less than 44 and/or DNA index less than 0.81.
Minimal residual disease (MRD) was determined centrally using flow cytometry at two reference laboratories.
Patients with hypodiploid ALL came off protocol therapy postinduction and we retrospectively collected details
on their subsequent therapy and outcomes. Event-free survival (EFS) and overall survival (OS) were estimated for
the cohort.

RESULTS Between 2003 and 2011, 8,522 patients with National Cancer Institute standard-risk and high-risk
B-ALL were enrolled in COG AALL03B1 (ClinicalTrials.gov identifier: NCT00482352). Hypodiploidy occurred in
1.5% of patients (n = 131), 98.3% of whom achieved CR after induction therapy. Five-year EFS and OS were
52.2% 6 4.9% and 58.9% 6 4.8%, respectively. Outcomes for patients undergoing CR1 HSCT were not
significantly improved: 5-year EFS and OS were 57.4% 6 7.0% and 66.2% 6 6.6% compared with 47.8% 6
7.5% and 53.8% 6 7.6%, respectively (P = .49 and .34, respectively) for those who did not undergo
transplantation. Patients with MRD of 0.01% or greater at the end of induction had 5-year EFS and OS of 26.7%
6 9.3% and 29.3% 6 10.1%, respectively, and HSCT had no significant impact on outcomes.

CONCLUSION Children and young adults with hypodiploid B-ALL continue to fare poorly and do not seem to
benefit from CR1 HSCT. This is especially true for patients with MRD of 0.01% or greater at the end of induction.
New treatment strategies are urgently needed for these patients.

J Clin Oncol 37:780-789. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Using risk-adapted therapy, 5-year overall survival
(OS) rates for pediatric B-lymphoblastic leukemia
(B-ALL) exceed 90%.1,2 Clinical factors, lymphoblast ge-
netic features, and early response to therapy determine
postinduction therapy intensity. Favorable cytogenetic
abnormalities include hyperdiploidy and the ETV6-
RUNX1 fusion.3,4 Unfavorable abnormalities include
the Philadelphia chromosome [t(9;22)], which re-
sults in BCR-ABL1 fusion,5,6 KMT2A (formerly MLL)
rearrangements,7,8 intrachromosomal amplification of
chromosome 21,9-11 genetic alterations that lead to
Philadelphia chromosome-like acute lymphoblastic
leukemia (ALL),12,13 and hypodiploidy.14-17

Hypodiploid ALL affects less than 5% of pediatric
patients.14,17,18 Early studies defined hypodiploid leu-
kemic clones as having fewer than 46 chromosomes,
with 45 being the most common modal chromosome
number.14,19 Modal numbers as low as 24 have been
described,14,17,19 as well as hypodiploid clones that
double, which results in a hyperdiploid or triploid com-
plement of chromosomes (masked hypodiploidy).20

Outcomes of patients whose blasts harbor 44 or 45
chromosomes are significantly better than those with
lower modal numbers, and outcomes worsen as modal
number decreases.15-17 A study from St. Jude Children’s
Research Hospital reported 5-year event-free survival
(EFS) rates of 78% 6 5.9% with a modal number of
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45 versus less than 30% with fewer than 45 chromo-
somes (P , .001).15 In a series of Medical Research
Council protocols, 3-year EFS with 42 to 45 chromosomes
was 66% compared with 29% with 25 to 39 chromo-
somes (P = .0002).16 The Ponte di Legno group reported
an 8-year EFS of 52.2% 6 9.3% with 44 chromosomes
compared with 30.1% 6 7% with fewer than 44 chro-
mosomes (P = .01).17

Recurrent genetic alterations have been identified in hy-
podiploid ALL.2,21,22 In near-haploid ALL, alterations in
receptor tyrosine kinase and Ras signaling, deletions of
IKZF3, and focal deletions of a histone gene cluster at 6p22
are recurrent. Mutations in NF1, NRAS, KRAS, MAPK1,
FLT3, and PTPN11 account for more than two thirds of
receptor tyrosine kinase or Ras pathway aberrations.21 In
low-hypodiploid ALL, the frequency of TP53 alterations is
remarkable. Mutations are present in the leukemic blasts of
more than 90% of patients21,22 and nearly one half are
germline, which renders hypodiploid ALL a manifestation of
Li-Fraumeni syndrome.2,21 Another IKAROS family gene,
IKZF2, is deleted in approximately one half of low-
hypodiploid ALL, and alterations of RB1 are also com-
mon.21 Preclinical studies suggest that targeting Ras and
related signaling pathwaysmay yield therapeutic options for
this difficult-to-treat population.21

In addition to such features as National Cancer Institute
(NCI) risk group and lymphoblast genetics, disease re-
sponse is essential in B-ALL risk stratification. Bonemarrow
(BM) minimal residual disease (MRD) at the end of in-
duction (EOI) is the most significant prognosticator.23-28

Standard chemotherapy regimens for B-ALL are well
established, but there is no unified treatment approach for
hypodiploid ALL. As a result of poor outcomes, treatment is
generally intensified and frequently includes hematopoietic
stem-cell transplantation (HSCT) in first complete re-
mission (CR1); however, the benefit of CR1 HSCT has yet to
be elucidated. We report the outcomes of 131 children,
adolescents, and young adults with hypodiploid B-ALL who
were enrolled in Children’s Oncology Group (COG) classi-
fication study, AALL03B1, 61 of whom underwent CR1
HSCT. We correlated outcomes with NCI risk group
and MRD and examined the impact of CR1 HSCT on EFS
and OS.

PATIENTS AND METHODS

Patient Characteristics and Risk Stratification

From December 2003 to September 2011, 8,522 patients
with B-ALL were enrolled in AALL03B1, a companion bi-
ology study for therapeutic studies AALL0331 (Clin-
icalTrials.gov identifier: NCT00103285; N = 5,434) and
AALL0232 (ClinicalTrials.gov identifier: NCT00075725;
N = 3,088)29 for children, adolescents, and young adults
with NCI standard-risk (SR) B-ALL (age. 1 year and, 10
years, with initial WBC, 50,000/mL) or NCI high-risk (HR)

B-ALL (age 10 to 30 years or initial WBC $ 50,000/mL and
any age), respectively. Institutional review board approval
and informed consent according to the Declaration of
Helsinki were obtained. AALL0331 and AALL0232 treat-
ment regimens have been previously described.29,30

Routine evaluations on AALL03B1 included blast karyo-
type, fluorescence in situ hybridization, and DNA index
(DI). Hypodiploidy was defined as blasts containing fewer
than 44 chromosomes or DI less than 0.81.

Patients who were treated on AALL0331 and AALL0232
had BMmorphology at day 8 and/or 15 and at EOI (day 29),
as well as EOI BM MRD using flow cytometry in one of two
COG reference laboratories.23,31,32 Rapid early responders
achieved an M1 marrow (, 5% blasts by morphology) by
day 15 and had EOI BMMRD less than 0.1%. Patients were
otherwise identified as slow early responders. Patients with
an EOI M2 marrow (5% to 25% blasts) or EOI MRD level of
1% or greater received 2 weeks of extended induction
therapy. These patients were deemed slow early re-
sponders if they had an M1marrow with MRD less than 1%
after extended induction.

Patients who were classified as very high risk (VHR), in-
cluding those with hypodiploidy, among others, were re-
moved from AALL0331 and AALL0232 at EOI. VHR ALL
patients were eligible to enroll in a separate COG study,
AALL0031 (ClinicalTrials.gov identifier: NCT00022737).33,34

AALL0031 included intensive consolidation blocks followed
by allogeneic HSCT for patients with an identified donor. The
conditioning regimen included total body irradiation,

Patients with B-ALL enrolled on AALL03B1
(N = 8,522)

Patients with hypodiploidy
(n = 131)

Patients without
hypodiploidy

(n = 8,391)

No data regarding HSCT
(n = 18)

Total evaluable patients
(n = 113)

Underwent HSCT in CR1
(n = 61)

Did not undergo HSCT in CR1
(n = 52)

FIG 1. CONSORT diagram for patients on AALL03B1 with hypodip-
loidy. B-ALL, hypodiploid B-lymphoblastic leukemia; CR1, first
complete remission; HSCT, hematopoietic stem-cell transplantation.
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cyclophosphamide, and etoposide. Those patients with-
out a donor or who did not meet HSCT criteria received
reinduction and intensification blocks followed by pro-
longed maintenance therapy.33 Sixteen patients from
AALL03B1 enrolled in AALL0031, but after study accrual
goals were met in 2006, there was no open postinduction
COG clinical trial for hypodiploid ALL and therapy was
delivered at the discretion of treating physicians. A case
report form was created post hoc to collect data on CR1
HSCT.

Molecular, Cytogenetics, and Statistical Methods

Routine karyotyping and fluorescence in situ hybridization
to detect trisomies of chromosomes 4, 10, and 17, ETV6-
RUNX1, KMT2A-R, and BCR-ABL1 were performed either
at COG central or COG-approved local cytogenetic

laboratories, with central review of all results (A.J.C. or
N.A.H.). DI was determined in the COG Molecular Ref-
erence Laboratory. Details of techniques have been
described previously.9,23,35

EFS was defined as the time from study enrollment to first
event (induction failure, relapse, second malignant neo-
plasm [SMN], or death) or date of last contact. OS was
defined as the time from study enrollment to death or date
of last of contact. For all comparisons of outcomes for
HSCT versus no HSCT, EFS and OS time started at
transplantation for the HSCT cohort and at the median
time to transplantation (137 days) for the non-HSCT
cohort.

Data current as of June 30, 2017, are included in this work.
We estimated survival rates using the Kaplan-Meier
method36 with SEs of Peto et al.37 Survival rates are pre-
sented as estimate 6 SE. We used log-rank tests to
compare survival curves, and proportions were compared
between groups using x2 or Fisher’s exact test. Cumulative
incidence rates were computed using the cumulative in-
cidence function for competing risks, and comparisons
were made using the K-sample test.38 P values , .05 were
considered significant. All analyses were performed using
SAS (SAS/STAT User’s Guide, Version 9.4; SAS Institute,
Cary, NC). Graphics were generated with R (version 3.0.1;
http://www.R-project.org).

RESULTS

Patient Characteristics

Of the 8,522 patients with NCI SR and HR B-ALL who were
enrolled in AALL03B1, 131 (1.5%) were identified as
having hypodiploid ALL (Fig 1), with a median age of 10
years. Of these patients, 83 (63.4%) were males and 48
(36.6%) were NCI SR (Table 1). The higher percentage of
NCI HR patients is reflected in the older median age of
hypodiploid patients. Extramedullary disease was un-
common. There were 109 patients (83.2%) without evi-
dence of CNS disease (CNS1)30 and only two patients
(1.5%) were CNS3. One patient had no CNS status re-
ported. No males had testicular leukemia. Median number
of chromosomes was 28 (range, 25 to 43), and median DI
was 0.8 (range, 0.5 to 1.5). Of the patients with modal
chromosome numbers reported, 55 had 25 to 29 chro-
mosomes, 47 had 30 to 39 chromosomes, and three had
40 to 43 chromosomes. Twenty-six patients had masked
hypodiploidy (Appendix Table A1, online only).

Response to Induction Therapy

After induction therapy, 115 patients (98.3%) had an M1
BM and two patients (1.7%) had an M2 BM (Table 1).
There were no reported induction failures and 14 patients
had no day 29 BM morphologic response reported. Hy-
podiploid patients experienced an inferior response to in-
duction therapy with a lower rate of rapid early responders
(72.8% v 83.4%; P = .003) and a higher rate of EOI MRD of

TABLE 1. Characteristics of Patients Enrolled in AALL03B1 With Hypodiploid B-
Lymphoblastic Leukemia

Characteristic
Hypodiploid

Patients, No. (%)
Nonhypodiploid
Patients, No. (%) P

Age, years , .001

, 10 61 (46.6) 6,351 (75.7)

$ 10 70 (53.4) 2,040 (24.3)

Sex .04

Male 83 (63.4) 4,555 (54.3)

Female 48 (36.6) 3,836 (45.7)

NCI risk group , .001

Standard risk 48 (36.6) 5,386 (64.2)

High risk 83 (63.4) 3,005 (35.8)

CNS status .22*

CNS 1 109 (83.2) 7,393 (88.2)

CNS 2 19 (14.5) 855 (10.2)

CNS 3 2 (1.5) 133 (1.6)

Testicular leukemia (males) 1.0

No 83 (100) 4,532 (99.6)

Yes 0 20 (0.4)

Day 29 BM .51*

M1 115 (98.3) 7,993 (98.5)

M2 2 (1.7) 78 (1.0)

M3 0 (0) 44 (0.5)

EOI MRD .019

, 0.01 82 (67.8) 6,083 (76.8)

$ 0.01 39 (32.2) 1,833 (23.2)

Response to induction .003

Rapid early responder 83 (72.8) 6,680 (83.4)

Slow early responder 31 (27.2) 1,326 (16.6)

Abbreviations: BM, bone marrow; EOI, end of induction; MRD, minimal residual
disease; NCI, National Cancer Institute.
*Where indicated, Fisher’s exact test P value.
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0.01% or greater (32.2% v 23.3%; P = .019). Of the 48 NCI
SR patients, 38 had day-29 BM morphology reported, 36
(94.7%) of whom had an M1 marrow. Of the 41 NCI SR
patients with EOI MRD reported, 27 (65.9%) had MRD of
less than 0.01%.23 EOI BMmorphology data were available
in 79 of the 83 NCI HR patients, all of whom were M1. MRD
was available in 81 of the NCI HR patients, 55 (67.9%) of
whom had MRD of less than 0.01% (Appendix Fig A1,
online only). When response was stratified by modal group,
47 patients (95.8%) out of 49 with 25 to 29 chromosomes
and available data had an M1 BM at EOI. Fifty-two had EOI
MRD reported, with 34 patients (65.4%) having MRD of
less than 0.01%. All patients with 30 to 39 chromosomes
and available morphology data (n = 41) had an M1 BM. In
this group, 42 patients had MRD data and 29 patients
(69%) had MRD of less than 0.01%.

Patient Outcomes

Five-year EFS and OS for all 131 hypodiploid patients were
52.2% 6 4.9% and 58.9% 6 4.8%, respectively (Fig 2A),

which was inferior to the 85.2% 6 0.4% and 91.8% 6
0.3%, respectively, observed for nonhypodiploid patients
(P , .001 for both EFS and OS). There were no significant
differences in EFS and OS according to NCI risk group (P =
.26 and .32, respectively) for hypodiploid patients, with 5-
year EFS and OS of 60.1% 6 7.9% and 67.3% 6 7.6%,
respectively, for NCI SR, and 47.4%6 6.1% and 54.0%6
6.1%, respectively, for NCI HR patients (Figs 2B and 2C).
Outcomes for nonhypodiploid patients were significantly
different between NCI risk groups. For nonhypodiploid
patients, 5-year EFS of NCI SR and NCI HR were 90.1%6
0.4% and 76.3% 6 0.8%, respectively (P , .001), and
5-year OS was 95.8% 6 0.3% and 84.5% 6 0.7%, re-
spectively (P , .001).

CR1 HSCT data were available for 113 (86.3%) of 131
hypodiploid patients. Sixty-one underwent CR1 HSCT,
and 5-year EFS and OS for these 113 patients were 53.0%
6 5.1% and 60.5%6 5.0%, respectively, which is similar
to the entire cohort of 131 hypodiploid patients. Pre-
senting features and disease responses were no different
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FIG 2. Outcomes for all patients with
hypodiploid B-lymphoblastic leukemia
(B-ALL). (A) All patients with hypodiploid
B-ALL. (B) National Cancer Institute
(NCI) standard-risk patients with hypo-
diploid B-ALL. (C) NCI high-risk patients
with hypodiploid B-ALL. EFS, event-free
survival; OS, overall survival.
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between those who underwent HSCT and those who did
not (Table 2). There was a nonsignificant trend for the use
of HSCT among those , 10 years (63.5% v 45.9%; P =
.06). The 5-year EFS with and without CR1 HSCT were
56.4% 6 7.3% and 48.8% 6 7.8%, respectively (P =
.62). The 5-year OS with and without HSCT was 65.6% 6
6.9% and 53.8% 6 7.8%, respectively (P = .32; Fig 3).
Most of the 61 CR1 HSCT patients (n = 56; 91.8%) were
conditioned with a total body irradiation–based regimen.
Most donors were matched-related (n = 31; 50.8%) or
matched-unrelated (n = 25; 41.0%), and BM was the
stem-cell source for 34 patients (55.7%; Appendix Table
A2, online only).

Stratifying by NCI risk group, CR1HSCT did not significantly
affect outcomes for hypodiploid SR patients (n = 27); 5-year

EFS was 68.8% 6 10.3% and OS was 77.3% 6 9.2%
compared with 57.1% 6 13.2% and 64.3% 6 12.8% in
those who did not undergo transplantation (n = 15; Figs 4A
and 4B; P = .64 for EFS and P = .62 for OS). The 5-year EFS
of HR patients who underwent HSCT (n = 34) was 48.3%6
9.0% versus 44.4% 6 9.2% in those who did not (n = 37;
P = .75; Fig 4C), and there was also no difference in OS in
HR patients by CR1 HSCT (57.6% 6 8.8% v 49.9% 6
9.4%; P = .56; Fig 4D).

Given the strength of MRD as a prognostic factor, we
evaluated outcomes by EOI MRD and allocation to HSCT.
Hypodiploid patients with EOI MRD of less than 0.01% had
5-year EFS and OS of 63.7% 6 5.8% and 73.2% 6 5.3%,
respectively. Those with EOI MRD of 0.01% or greater had
inferior 5-year EFS and OS (26.2% 6 8.5% and 27.7% 6
8.9%, respectively). HSCT had no significant effect on
outcomes regardless of EOI MRD. Patients withMRD of less
than 0.01% at EOI had 5-year EFS of 66.3% 6 7.9% with
HSCT (n = 39) and 60.36 9.2% without (n = 35; P = .77).
Five-year OS was 79.5%6 6.7% with HSCT and 66.7%6
8.8% without (P = .39; Figs 5A and 5B). Furthermore,
cumulative incidence of relapse did not differ significantly
between chemotherapy and HSCT groups (Appendix Fig
A2, online only). Patients with MRD of 0.01% or greater at
EOI had dismal outcomes regardless of CR1 HSCT. EFS
and OS at 5 years were 29.4% 6 14.3% and 29.4% 6
14.3%, respectively, with HSCT (n = 18), whereas EFS and
OS were 16.7% 6 10.8% and 22.2% 6 13.9%, re-
spectively, without (n = 12; Figs 5C and 5D; P = .67 for EFS
and P = .86 for OS). Univariable analyses, including NCI
risk group, EOI MRD, and HSCT, revealed EOI MRD of less
than 0.01% as the only significant prognostic factor (hazard
ratio, 0.29 [95% CI, 0.171 to 0.479; P, .001] for EFS and
0.24 [95% CI, 0.136 to 0.410; P, .001] for OS [Appendix
Table A3, online only]).

While not specifically investigated in these patients, we
presume that many low-hypodiploid patients harbored
germline TP53 mutations. Twelve patients developed
SMNs, seven after HSCT and three after chemotherapy
(remainder unknown; Appendix Fig A3, online only). All
HSCT patients developed solid tumors, whereas two of the
three non-HSCT patients developed myelodysplastic syn-
dromes. The 5-year cumulative incidences of SMN for
chemotherapy versus HSCTwere 4.0%6 2.8% and 7.3%6
3.6%, respectively (P = .13).

DISCUSSION

Hypodiploidy is a rare, established adverse prognostic
factor for children and young adults with B-ALL.15,17 This
study of 131 patients with B-ALL and fewer than 44
chromosomes, to our knowledge, constitutes the largest
series to date of hypodiploid B-ALL treated by a single
cooperative group. Patients underwent a three- or four-drug
induction on the basis of initial NCI risk group.30 After
induction, they were ineligible to continue on upfront

TABLE 2. Comparison of Clinical Characteristics and Disease
Response in Patients Who Underwent HSCT Compared With Those
Treated With Chemotherapy Alone

Characteristic
HSCT

(n = 61)
Chemotherapy
Alone (n = 52) x2 P*

Age, years .06

, 10 33 19

$ 10 28 33

Sex .62

Male 38 30

Female 23 22

WBC, k/mL .37

, 50 55 44

$ 50 6 8

NCI risk group .09

Standard risk 27 15

High risk 34 37

CNS status .41*

CNS 1 53 42

CNS 2 8 7

CNS 3 0 2

Testicular leukemia .62

N/A, female 23 22

No 38 30

BM day 29 .50*

M1 54 45

M2 2 0

EOI MRD, % .5

, 0.01 39 35

$ 0.01 18 12

Abbreviations: BM, bone marrow; EOI, end of induction; HSCT,
hematopoietic stem-cell transplantation; MRD, minimal residual
disease; N/A, not applicable; NCI, National Cancer Institute.

*Where indicated, Fisher’s exact test P value.
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clinical trials for B-ALL but had the option of enrolling in
the companion VHR trial AALL0031 until study
closure.33,34 Consistent with previous reports, we confirm
poor outcomes for patients with hypodiploidy. The 5-year
EFS was 52.1% and 5-year OS was 58.9%, despite 98.3%
of patients achieving CR after induction. Whereas NCI risk
group did not significantly predict outcome, NCI SR pa-
tients fared better than did NCI HR patients. The only
significant prognostic factor was EOI MRD, which un-
derscores the importance of disease response in pre-
dicting outcomes. Hypodiploid patients with EOI MRD less
than 0.01% had better outcomes, though still inferior
compared with nonhypodiploid patients. For those pa-
tients with MRD of 0.01% or greater, EFS and OS were
dismal, with only one quarter surviving long term. Mul-
lighan et al39 similarly reported on adverse outcomes for
hypodiploid patients with positive EOI MRD. For 20 pa-
tients with hypodiploid ALL who were treated at St. Jude
Children’s Research Hospital, 5-year EFS was 85.1% with
EOI MRD less than 0.01% (n = 14) compared with 44.4%
with detectable MRD (P = .03).39 Only two patients un-
derwent CR1 HSCT, one of whom had no detectable EOI
MRD.39 We recognize that the EFS for EOI MRD-negative
patients treated at St. Jude Children’s Research Hospital
was higher than our cohort, likely due to the fact that the
COG cohort is substantially larger, representing a multi-
institution consortium.

Clinicians frequently recommend CR1 HSCT when a poor
outcome is anticipated with chemotherapy, and the ad-
vantages of this approach for some have been confirmed.40,41

Outcomes have improved with advances in donor selection,
supportive care, and with improved management of post-
HSCT complications.42,43 In this study, more than one half of
patients with hypodiploid ALL underwent CR1 HSCT, pro-
viding an opportunity to examine the impact of HSCT on
outcome. No subgroup significantly benefitted from HSCT,
although trends toward improved outcomes were noted.

Likewise, patients with hypodiploid ALL who were treated
with intensive chemotherapy (n = 28) were compared with
those who underwent HSCT (n = 12) in AALL0031 for VHR
ALL.34 There was no significant improvement in disease-free
survival, but numbers were small. Finally, the Center for
International Blood and Marrow Transplant Research re-
ported leukemia-free survival of 51% and OS of 56% in 78
patients who underwent transplantation for hypodiploid ALL
from 1990 to 2010, with a 5-year OS of 38% (95%CI, 24% to
52%) in those harboring 43 or fewer chromosomes.44

Knowing the predictive power of MRD, these poor out-
comes could be a result of residual disease that was present,
but not detectable, at the time of HSCT. TP53 alterations
could be another contributing factor, given the high rate
of treatment failure in patients with acute myeloid leu-
kemia and abnormalities of chromosome 17p undergoing
HSCT.21,22,45-47 SMNs are also of concern in hypodiploid
patients because of the correlation with germline TP53
alterations and low hypodiploidy. Although the difference
was not statistically significant, there was a worrisome
incidence of SMNs in HSCT patients. DNA damage from
conditioning regimens potentially compounds the already
increased risk in patients with Li-Fraumeni syndrome, but,
of interest, SMNs were not limited to low-hypodiploid
patients.

A limitation of our analysis is that the final decision for CR1
HSCT is subjective, made in conjunction with the patient
(when appropriate) and family. The role of MRD in guiding
treatment decisions has become standard, but when these
patients were treated MRD was not routinely assessed at
any point after EOI. The technical quality of later MRD
assessments is unknown, as is the precise pre-HSCT
treatment of these patients. Finally, a higher likelihood of
HSCT in younger patients may have favorably influenced
outcomes, another potential bias. It is possible that with
more patients, subgroups that benefit from HSCT might
be identified; however, taken together, our data strongly
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kemia according to transplantation
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survival [EFS] (B) overall survival
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support alternative approaches for these patients. Che-
motherapy for VHR ALL cannot be further intensified;
therefore, novel approaches must be considered.48,49 For
example, the previously dismal outcomes for patients
with Philadelphia chromosome-positive ALL have sub-
stantially improved with the incorporation of targeted
therapies.33,50-52

As noted above, genomic profiling has revealed biologic
drivers of hypodiploid B-ALL. Phosphatidylinositol 3-kinase
pathway and Bcl-2 inhibitors reduce the proliferation of
hypodiploid cell lines and xenograft cells in vitro, with Bcl-2
inhibition also leading to apoptosis.21,53 However, despite
Ras pathway alterations in near-haploid ALL, data are
lacking for specific therapeutic benefit from tyrosine kinase
inhibitors.21,53 In addition to small-molecule inhibitors,
there are exciting immunotherapeutic options for ALL, such
as monoclonal antibodies (blinatumomab and inotuzu-
mab), as well as chimeric antigen receptor T-cell therapy.
These provide impressive response rates, including cures

that were impossible not long ago.54-56 Small-molecule and
immunotherapies could potentially be a bridge to HSCT to
deepen remissions and improve post-HSCT cure rates.
Chimeric antigen receptor T-cell therapy has potential as a
definitive therapy. With our ability to identify patients early
on who are at high risk of relapse, wemust enhance therapy
without incurring unnecessary risks from nonbeneficial
treatments.

Hypodiploid B-ALL remains an adverse subtype of child-
hood acute leukemia, but it is not clear that CR1 HSCT is of
benefit. Among hypodiploid patients in aggregate, those
with residual disease at EOI fare especially poorly. The
advent of genomic discovery has brought an understanding
of the genetic drivers of hypodiploid ALL, and additional
work may reveal targetable signaling pathways. The role of
immunotherapy in the treatment of ALL is expanding
rapidly and may prove to be beneficial as well. Regardless,
this is a group of patients in urgent need of new treatment
strategies.
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5. Aricò M, Valsecchi MG, Camitta B, et al: Outcome of treatment in children with Philadelphia chromosome-positive acute lymphoblastic leukemia. N Engl J Med
342:998-1006, 2000
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APPENDIX
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FIG A1. Disease response of patients with hypodiploid
B-lymphoblastic leukemia stratified by (A and B) Na-
tional Cancer Institute risk group and (C and D) modal
chromosome number. BM, bone marrow; EOI, end of
induction; HR, high risk; MRD, minimal residual dis-
ease; NCI, National Cancer Institute; SR, standard risk.
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FIG A2. Cumulative incidence of relapse for chemotherapy versus
transplantation in patients with end-of-induction minimal residual
disease, 0.01%. HSCT, hematopoietic stem-cell transplantation.
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TABLE A2. Summary of Conditioning Regimens, Transplantation
Types, and Cell Sources for Patients Undergoing First Complete
Remission Hematopoietic Stem-Cell Transplantation
Variable No. (%)

Conditioning regimen

Busulfan 2 (3.3)

Total body irradiation 56 (91.8)

Other 3 (4.9)

Transplantation type

Matched related 31 (50.8)

Mismatched related 1 (1.6)

Matched unrelated 25 (41)

Mismatched unrelated 4 (6.6)

Stem-cell source

Bone marrow 34 (55.7)

Peripheral blood stem cells 13 (21.3)

Umbilical cord blood 14 (23)

TABLE A3. Univariable Analyses Among Patients With Hypodiploid
B-Lymphoblastic Leukemia for EFS and OS
Parameter Hazard Ratio 95% CI P

EFS

NCI risk group (SR v HR) 0.75 0.444 to 1.251 .27

EOI MRD (, 0.01% v $ 0.01%) 0.29 0.171 to 0.479 , .001

Transplantation (yes v no) 0.89 0.539 to 1.470 .65

OS

NCI risk group (SR v HR) 0.75 0.432 to 1.312 .32

EOI MRD (, 0.01% v $ 0.01%) 0.24 0.136 to 0.410 , .001

Transplantation (yes v no) 0.70 0.410 to 1.192 .19

Abbreviations: EFS, event-free survival; EOI, end of induction; HR, high risk;
MRD, minimal residual disease; NCI, National Cancer Institute; OS, overall survival;
SR, standard risk.
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